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Abstract

To further scientific progress of immunization safety, comparability of data from clinical trials and surveillance systems is essential.
Comparability requires the availability of standardized case definitions for adverse events following immunization (AEFI) and guidelines
for case determination, recording and data presentation.

Method: International collaborative working groups, consisting of professional volunteers from developed and developing countries,
conduct systematic literature reviews to develop 50–100 AEFI definitions. Case definitions are finalized after a comment period by a
reference group consisting of organizations concerned with immunization safety, and will be disseminated via the world-wide-web and
other means for free world-wide use.

Results: Literature reviews yielded substantial diversity in data collection and presentation. We have developed standardized case
definitions together with guidelines for use in clinical trials and surveillance systems.

Conclusions: Diversity in safety methods leads to considerable loss of scientific information. We have built the necessary international
network of currently about 300 participants from patient care, public health, scientific, pharmaceutical, regulatory and professional orga-
nizations to develop and assess standardized AEFI case definitions and guidelines. Evaluation studies, global implementation, ongoing
definition development and a continuously growing network will be essential for the success of the collaboration.
Published by Elsevier Science Ltd.
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In keeping with the Hippocratic oath, “First Do No Harm”,
any medical intervention including vaccines should be
shown safe and effective prior to widespread adoption. How-
ever, interventions are rarely 100% safe. The decision to
immunize must therefore balance the risks versus the bene-
fits within an appropriate context. For preventive public
health interventions like immunizations this context in-
cludes factors such as the incidence and severity of the
target disease, as well as real and perceived adverse events
following immunization.
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However, two critical factors require vaccines to be safer
than most other medical interventions. First, vaccines typi-
cally are administered to healthy persons (commonly infants
and young children). Thus, the tolerance for vaccine risks is
lower than the tolerance for risks from drugs administered to
ill and older persons. Second, immunizations frequently are
recommended universally, and sometimes even mandated
in large populations. In mature immunization programs,
where sustained high coverage with an efficacious vaccine
has led to near elimination of the target disease, safety con-
cerns become even more prominent, since fewer and fewer
persons have experienced the disease, but all persons are
likely to have been immunized. Rigorous scientific data on
vaccine safety are needed to optimize the benefit-risk ratio
of vaccines and enable evidence-based decision-making
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Fig. 1. The need for evidence-based information to balance the interaction of vaccine preventable disease, public concern and immunization rates (modified
from Chen RT[32]).

on immunizations at both individual and societal level
(Fig. 1).

Assessment of efficacy or effectiveness of vaccines is rel-
atively straightforward, for example by comparing the inci-
dence of the target disease among persons who received the
immunization with those who did not. In contrast, vaccine
safety cannot be measured directly; it can only be inferred
indirectly by the absence or infrequency of measured ad-
verse events. These events may differ by vaccine and may
include currently unknown adverse events.

As some adverse events following immunization (AEFI)
are rare, large sample sizes are needed for their detection
and assessment. Most of the published vaccine trials have
focused on assessment of efficacy and common adverse
events. However, an appropriate sample size for this pur-

Table 1
Variability of case definitions for “fever” as AEFI exemplified in 10 prospective vaccine trials

Reference Vaccine Number of
vaccine
recipients

Temperature cut offs (◦C) Body site Time of observation
after immunization

King et al. 1996[5] MMR 386 >36.4= hot to touch Axillary 14 days
Shinefield et al.1998[6] MMR 609 ≥38.8 Axillary/rectal/otic

corrected for otic
by axillary +1◦C
and rectal−1◦C

42 days

Usonis et al. 1999[7] MMR 4712 ≥38.1, >39.5 Rectal/axillary 42 days
Klinge et al. 2000[8] MMR 118 ≥38.1,≥39 N.S. 14 days
Crovari et al. 2000[9] MMR 1754 ≥38.1, >39.5 Rectal 42 days
Gustafsson et al. 1996[10] DtaP vs. DTP vs. DT 9829 ≥38, ≥40 Rectal 24 h+ 14 days
Schmitt et al. 1996[11] DTaP vs. DTP vs. DT 22505 ≥38, ≥39.5 Rectal 48 h+ 8 days
Liese et al. 1997[12] DtaP vs. DTP vs. DT 16432 N.S. N.S. N.S.
Schmitt-Groh́e et al. 1997[13] DTaP vs. DTP vs. DT 10271 ≥38, ≥38.4,≥40 [13] Rectal 72 h
Simondon et al. 1997[14] DTaP vs. DTP 4181 >40.5 (as contraindication) Rectal Between 1 and 14 day

N.S.: not specified.

pose is considerably smaller than that necessary to provide
sufficient statistical power for the assessment of a vaccine’s
safety profile. In most of the pre-licensure trials, less than
5000–10,000 subjects receive a given vaccine. Given this
sample size, the power of a study would be low to detect a
significant difference between vaccinated and unvaccinated
groups for events occurring at a rate of less than six per
10,000 vaccine recipients[1]. Events that would be impor-
tant to detect may occur at lower frequencies (e.g. intussus-
ception at 1/10,000 recipients). It is, therefore, essential for
safety assessment to opt for larger sample sizes of trials and
to maximize the ability to accumulate and compare safety
data across trials. Data comparability for AEFI is optimized
by the use of standardized case definitions, assessment tech-
niques and observation times following immunization.
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Table 2
Variability of case definitions for hypotonic hyporesponsive episodes (HHE) as AEFI exemplified in 10 vaccine studies

Reference Vaccine Sample
size

Case definition/description Time of observation
after immunization

Ramkissoon et al. 1991[15] DTP 115 Term HHE used 14 days
Blumberg et al. 1993[16] DTP 60 Collapse episodes 48 h
Greco et al. 1996[18] DTaP (2x) vs. DTP vs. DT 15601 Term HHE used 48 h
Gustafsson et al. 1996[10] DTaP (2x) vs. DTP vs. DT 9829 Collapse characterized by limpness and pallor 48 h
Gold et al. 1997[19] DPT − Hib + OPV DPT+ OPV

DPT − IPV − Hib DPT − IPV
10 Sudden onset of two or more of the following:

pallor, cyanosis, hyporesponsiveness or
decreased muscle tone

48 h

Ueberall et al. 1997[20] DTaP vs. DTP vs. DT 10271 Collapse or shock like status (hypotonic
hyporesponsive episode)

72 h

Olin et al. 1997[21] DTPa (3x) vs. DTPw 81835 Characteristically the child was pale, hypotonic
and unresponsive to his parents[17]

48 h

Mills et al. 1998[22] DTP DPT-IPV+ PRP-T
DTP-IPV-PRP-T

560 Term HHE used 72 h

Goodwin et al. 1999[23] DTaP, DTP or DT 64 An episode of acute diminution of sensory
awareness or loss of consciousness
accompanied by pallor cyanosis and muscle
hypotonicity

24–72 h

Gold et al. 2000[24] DPT, DTaP or aP±Hib + OPV
+ HBV + MMR or DT or MMR

421 Sudden event characterized by hypotonia,
hyporesponsiveness and pallor in the absence
of a known cause such as a convulsion

48 h

Apart from a limited set of case definitions recommended
by WHO in 1991, and dictionaries of terms used for phar-
macovigilance (such as WHOART and MedDRA), there is
a paucity of standardized, widely disseminated and glob-
ally accepted and implemented case definitions for AEFI
[2,3]. A report of a US public health service workshop on
hypotonic hyporesponsive episodes (HHE) after pertussis
immunization is so far the only published structured work
on an AEFI case definition[4]. Despite these limited at-
tempts towards standardization of AEFI case definitions,
most studies rely on ad hoc definitions, decreasing the
ability to conduct combined or comparative analyses.

This diversity of case definitions and the variability of
assessment methods and cut off points are illustrated for
example with the AEFI “fever”. We reviewed published re-
sults from 10 large prospective vaccine trials of both killed
and live attenuated vaccines (Table 1) [5–14]. In these
trials of Measles–Mumps–Rubella (MMR) and pertussis
vaccines, the comparison of fever rates across the different
studies is not possible due to the different cut off points,
routes of measurement and follow-up times reported.

Table 2illustrates the variability of case definitions and/or
case descriptions used in recent pertussis vaccine trials for
the AEFI “hypotonic hyporesponsive episodes”[10,15–24].
It is debatable whether the case definitions from the various
trials actually describe the same clinical entity. In addi-
tion, the definitions may also have different sensitivity and
specificity, making comparability of findings across these
prospective studies difficult. The inconsistency of case def-
initions poses the same problem for evaluation of passive
surveillance data on HHE[25].

A similar variability of definitions also exists for other
AEFI such as local reactions, persistent crying, and convul-

sion (data not shown)[5–24]. Further, we reviewed the case
definitions for intussusception used in three studies of ad-
verse events following rotavirus vaccination and also found
a considerable diversity of definitions[26–28]. These three
studies were retrospective and each used a different source
of data (VAERS forms, MCO automated data, and chart re-
views). In contrast to prospective trials, it is more difficult
to use standardized case definitions for data collection in
passive surveillance systems and retrospective studies. How-
ever, the use of standardized case definitions for the analysis
of such data would still greatly facilitate comparability of
results.

Recent efforts and new requirements from regulatory au-
thorities to increase study sample sizes and enhance passive
surveillance systems have increased the amount of safety
data collected pre- and post-vaccine licensure[29,30]. How-
ever, differences in assessment methods and case definitions
for AEFI still limit meaningful comparative or meta-analyses
and thereby represent a major missed opportunity for ad-
vancing the science of immunization safety. The Brighton
Collaboration was created to address this need and repre-
sents an important platform for international collaboration
to improve immunization safety.

1. The Brighton Collaboration

The Brighton Collaboration is an independent interna-
tional voluntary collaboration to facilitate the development,
evaluation, and dissemination of high quality information
about the safety of human vaccines. Its first task is the
harmonization and standardization of case definitions of
AEFI. The Collaboration is characterized by a transparent



J. Bonhoeffer et al. / Vaccine 21 (2002) 298–302 301

methodology and has no financial interest in the results of
the work.

The idea for the Collaboration was first presented in
1999 during an international vaccine meeting in Brighton,
England [31]. The Brighton Collaboration was officially
launched in autumn 2000. The Collaboration includes
researchers and other professionals from vaccine safety,
public health, pharmaceutical and regulatory agencies who
are interested in addressing the problems of the quality
of information on vaccine safety. In the European Union
the work is currently carried out within the European Re-
search Program for Improved Vaccine Safety Surveillance
(EUSAFEVAC).

The Brighton Collaboration aims to develop a single case
definition per AEFI of interest. Definitions are structured
in a three level format to be globally applicable for all im-
munization safety purposes and in settings with different
levels of resources. A total of 50–100 standardized case
definitions of local and systemic AEFI are intended to be
developed, and disseminated for global use in both pre- and
post-licensure trials and in post-marketing surveillance.

Target groups for their use are investigators and health of-
ficials who carry out immunization studies, as well as health-
care workers making clinical decisions on immunizations
who need to get, interpret, provide and report information
on immunization safety.

2. Structure and process to develop case
definitions for AEFI

A working group consisting of 5–20 participants from de-
veloped and developing countries and with diverse scientific
backgrounds is formed for each AEFI to be defined. Working
groups initially seek information regarding current practice
by a systematic literature search and retrieval of available
unpublished definitions. Based on the available evidence and
consensus formation during monthly conference calls and
e-mail discussions, a draft definition is developed. Subse-
quently, a reference group of individual experts in the field
and representatives of organizations concerned with vaccine
safety will be asked to review the draft definitions and to
propose adjustments, if necessary, to allow for wide applica-
bility and usefulness of the definitions. Following review by
the reference group and revision by the working group, the
definitions are finalized for dissemination and implementa-
tion. Cyclical revision of the definitions will be guided by
further evaluation in vaccine trials and analyses of data from
existing surveillance systems.

The first AEFIs to be defined are fever, local reactions,
intussusception, inconsolable crying, seizure, hypotonic
hyporesponsive episode, allergic reaction, rash, asthenia,
paresthesia, sudden infant death syndrome, myalgia, and
idiopathic thrombocytopenia. Further AEFIs will be defined
in the future depending on public and/or scientific interest
or urgency.

We expect The Brighton Collaboration to grow over time
and expand to a global network of individuals and organiza-
tions concerned with immunization safety. Collaborators can
participate either as volunteers in working groups or as or-
ganizations in the reference group. The resulting accrual of
expertise focused on the development of standardized case
definitions for AEFI and the sharing of knowledge within
and outside the Collaboration will benefit health officials,
vaccine providers, and vaccine recipients by providing high
quality data to facilitate decision-making.

Every professional concerned with vaccine safety is
invited to be part of this network. More information
about The Brighton Collaboration can be viewed athttp://
brightoncollaboration.org.
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